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(57) ABSTRACT 

Nonlinearities in the interaction betWeen a servo read head 
and a servo track are considered to more accurately deter 
mine the position error or offset betWeen the servo read head 
and the servo track. A position error expression is deter 
mined based on a track pro?le for the servo read head. A 
servo track signal is generated by reading a servo track With 
the servo read head. The position error is determined based 
on the servo track signal and the position error expression. 
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TRACK POSITION ERROR DETERMINATION 

TECHNICAL FIELD 

[0001] The present invention relates to determining the 
position of data storage media relative to an access head 
through the use of one or more servo tracks. 

BACKGROUND ART 

[0002] Data storage systems including storage media 
moving relative to an access head are commonly used to 
store voice and data information due to the reliability, cost 
ef?ciency, and ease of use of such storage media. Media 
types may store information through a variety of means and 
may be formed in a variety of formats including magnetic 
tape, magnetic disks, optical tape, optical disks, and the like. 
Storage media may be made more useful and cost-effective 
by increasing the areal density of stored information. This 
has been accomplished by including more data tracks across 
a given Width of the media. While alloWing more data to be 
stored, the increase in the density of data tracks requires a 
narroWing of the Width of the data tracks, a narroWing of the 
spacing betWeen data tracks, or both. As the data tracks are 
more closely spaced, positioning of the media With respect 
to a media access head becomes more critical to reduce the 
possibility of errors introduced While reading or Writing 
information. 

[0003] For example, magnetic tape access head assemblies 
generally include read heads for reading data from the 
magnetic tape and Write heads for Writing data to the 
magnetic tape. Typically, read heads may be formed in a read 
module With one read head for each data track that is to be 
simultaneously read. Similarly, Write heads are manufac 
tured into a Write module, With one Write head for each data 
track to be simultaneously Written. Thin ?lm construction 
techniques are used to achieve the small geometries required 
to produce read heads and Write heads capable of accessing 
densely packed data tracks. To permit read-after-Write 
operation on tape moving in either tape direction over the 
tape access head assembly, a typical tape access head 
assembly may include a sandWich of one Write module 
betWeen tWo read modules. 

[0004] In order to accurately position the tape access head 
assembly relative to the tape, one or more servo stripes or 
tracks may be used to provide positional reference along the 
length of the tape. Servo read heads in the tape access head 
assembly sense tracking patterns on the servo track and 
produce signals Which are received by a control system. The 
control system moves the tape access head assembly to keep 
the servo signals at nominal magnitude. The nominal signal 
occurs When the servo read head is located in a certain 
position relative to the servo track. 

[0005] The position of the servo read head relative to the 
servo track is typically determined from the strength of the 
servo read signal When the servo read head is accessing a 
particular portion of the servo track tracking patterns. Gen 
erally, the greater the overlap of the servo read head and a 
?eld in the tracking pattern being read, the greater the 
magnitude of the servo read signal. Present systems assume 
a linear relationship betWeen changes in the strength of the 
servo read signal and corresponding changes in the percent 
age overlap betWeen the servo read head and the read ?eld. 
HoWever, this assumption typically does not hold for all 
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detectable output from the servo read head. One source of 
nonlinearity may by caused by read signal sensitivity effects 
near the edges of the servo read head. Another source of 
nonlinearity results from an inability to Write ?eld patterns 
that generate an abrupt on-off edge. Hence, What is needed 
is to more accurately interpret servo read head signals to 
determine the position error of a servo read head relative to 
a servo track. This results in a more accurate placement of 
an access head assembly relative to the media being 
accessed. 

DISCLOSURE OF INVENTION 

[0006] The present invention compensates for nonlineari 
ties in the interaction betWeen a servo read head and a servo 
track to more accurately determine the offset betWeen the 
servo read head and the servo track. 

[0007] A method is provided for positioning a module 
having at least one servo read head across media having at 
least one servo track. A track pro?le of the servo head is 
determined. Aposition error expression is determined based 
on the track pro?le. A servo track signal is generated by 
reading a servo track With the servo read head. A tracking 
error is determined based on the servo track signal and the 
position error expression. The module is positioned to 
correct the tracking error. 

[0008] In an embodiment of the present invention, the 
track pro?le is determined from measurements of the servo 
read head taken after the module is constructed. 

[0009] In another embodiment of the present invention, 
the position error expression is determined by assuming the 
servo read head track pro?le is trapeZoidal. 

[0010] In still another embodiment of the present inven 
tion, the servo track includes a checkerboard pattern With a 
background Written at a ?rst frequency and erase ?elds 
Written at a second frequency. 

[0011] In yet another embodiment of the present inven 
tion, the position error expression, PE(Z), is expressed as 

[0012] Where S(Z) is a crosstrack pro?le based on the 
servo read head track pro?le, W is a constant based on the 
Width of the servo track pattern, and Z0 is a measure of servo 
error. The measure of servo error may include errors in the 

servo track pattern, errors in head alignment, and the like. 
The crosstrack pro?le may be found by convolving the servo 
read head track pro?le With a servo track Write pro?le. 

[0013] A method of determining the position of an access 
module relative to a servo track is also provided. The servo 
track is read by a servo read head on the module. The servo 
read head generates a read signal based on a portion of a 
track pattern covered by the servo read head. The module 
position is determined based on a model of a crosstrack 
pro?le formed by varying overlap of a track pro?le for the 
servo read head and a track pro?le for the track pattern. 

[0014] In an embodiment of the present invention, the 
model of the crosstrack pro?le is a phenomenological 
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model. The phenomenological model of the crosstrack pro 
?le may be the convolution of the servo read head track 
pro?le and the track pattern track pro?le. 

[0015] Asystem for positioning an access module relative 
to data storage media having at least one servo track is also 
provided. A servo read head, ?Xed to the access module, 
generates a read signal in response to patterns read from a 
servo track. A module positioning servo positions the mod 
ule relative to the media based on a module control signal. 
Memory holds coef?cients of a crosstrack pro?le based on 
a track pro?le for the servo read head. Control logic receives 
the read signal, calculates a position error based on the 
received read signal and the coefficients, and generates the 
module control signal to reduce the position error. 

[0016] The above objects and other objects, features, and 
advantages of the present invention are readily apparent 
from the folloWing detailed description of the best mode for 
carrying out the invention When taken in connect With the 
accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 is a block diagram illustrating a media 
positioning system according to an embodiment of the 
present invention; 

[0018] FIG. 2 is a block diagram illustrating position error 
that may be compensated by the present invention; 

[0019] FIG. 3 is a graph illustrating servo read head and 
servo Write track pro?les according to an embodiment of the 
present invention; 

[0020] FIG. 4 are graphs illustrating phenomenological 
and measured crosstrack pro?les according to an embodi 
ment of the present invention; 

[0021] FIG. 5 are graphs of position error as a function of 
read head position for various read skirt Widths according to 
an embodiment of the present invention; 

[0022] FIG. 6 are graphs of position error gain as a 
function of read position for various read skirt Widths 
according to an embodiment of the present invention; 

[0023] FIG. 7 is a How diagram for a method of position 
ing a module according to an embodiment of the present 
invention; and 

[0024] FIG. 8 is a block diagram illustrating position and 
servo track pattern errors that may be compensated by an 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0025] Referring to FIG. 1, a block diagram illustrating a 
media positioning system according to an embodiment of 
the present invention is shoWn. Atape deck, shoWn generally 
by 20, includes tape access head assembly 22 for accessing 
magnetic tape 24. Tape access head assembly 22 is posi 
tioned relative to tape 24 by head positioning servo 26. 

[0026] Tape 24 includes a plurality of data tracks 28 
spaced across the Width of tape 24. Tape 24 also includes one 
or more servo tracks 30 Written along the length of tape 24. 
Each servo track 30 may include periodically spaced fea 
tures such as synchroniZation ?eld 32 and servo tracking 
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pattern 34. Tape 24 travels across tape access head assembly 
22 in either tape direction 36. Only a portion of each data 
track 28 and servo track 30 are shoWn and only an outline 
for a portion of tape 24 is provided to permit the details of 
tape head 22 to be seen. 

[0027] Tape access head assembly 22 includes Write mod 
ule 38 betWeen tWo read modules 40 to form a read-Write 
read head. Write module 38 includes a plurality of data Write 
heads 42. Each Write head 42 forms a magnetic circuit Which 
induces ?eld patterns on data track 28 lying along data track 
centerline 44 as tape 24 moves past a gap in Write head 42. 
Read module 40 is manufactured to have a plurality of data 
read elements 46 and one or more servo read heads 48. Data 
read heads 46 and servo read heads 48 senses ?eld patterns 
Written onto data tracks 28 and servo tracks 30, respectively, 
by detecting changes in inductance or magnetoresistance 
induced by the ?eld patterns. 

[0028] Servo read head 48 is positioned to read servo 
tracking pattern 34 on servo track 30. Head control 50 
receives servo read signals 52 from each servo read head 48 
reading servo tracking patterns 34. Head control 50 deter 
mines the offset of tape 24 relative to tape access head 
assembly 22 in the direction normal to tape direction 36 
based on read signals 52 and on coef?cients stored in 
memory 54. Head control 50 generates module control 
signal 56 causing head position servo 26 to move tape access 
head assembly 22 relative to tape 24 until servo track 30 is 
centered across servo read head 50. This centers data track 
28 across Write heads 42 and data read heads 46 aligned With 
data track access 44. 

[0029] Head position servo 26 provides a means for posi 
tioning tape head 22 across the Width of tape 24. Head 
position servo 26 may include an electric actuator, a hydrau 
lic actuator, a pneumatic actuator, a magnetic actuator, or the 
like. Force may be transferred through a variety of trans 
mission systems including gear trains, screWs, levers, 
cabling, belts, and the like. In a preferred embodiment, a 
voice coil motor is used to position tape access head 
assembly 22. While moving a tape access head assembly 
across a tape has been described, it is under by one of 
ordinary skill in the art that any means to position access 
head 22 relative to media 24 falls Within the spirit and scope 
of the present invention. 

[0030] Referring noW to FIG. 2, a block diagram illus 
trating position error that may be compensated by the 
present invention is shoWn. Many tracking patterns 34 are 
knoWn in the art of magnetic tape recording. One technique 
is to form a checkerboard pattern With a background 70 at a 
?rst frequency and erase portions at a second frequency to 
create erase ?elds 72. Erase ?elds 72 may be arranged Within 
servo track 30 to form a checkerboard pattern centered on 
servo pattern centerline 74. Servo read head 48 generates 
read signal 52 indicating either the strength of background 
70 or erase ?eld 72 passing under servo read head 48. If 
servo track 30 is centered under servo read head 48, as 
Would occur if servo pattern centerline 74 Was colinear With 
servo read head centerline 76, the strength of read signal 52 
Would remain the same as servo read head 48 moved across 
tracking pattern 34. If tape 24 is shifted relative to access 
head assembly 22 by position error 78, the relative strength 
of read signal 52 over a ?rst portion of tracking pattern 34 
Would be different than the strength of read signal 52 over 
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an opposite pattern section of pattern 34. By comparing the 
relative strengths, the offset of servo track 30 relative to 
servo read head 48 can be determined. 

[0031] Previous to the present invention, head control 
logic 50 based control decisions on the assumption that the 
amplitude of read signal 52 Was alWays linearly proportion 
ate to the percentage that servo read head 48 overlapped 
background 70 or erase ?eld 72. This assumption is not 
alWays accurate. Accuracy is particularly poor When read 
element 48 is near but not overlapping read ?eld 70, 72 or 
When servo read head 48 is barely overlapping read ?eld 70, 
72. Under such conditions, magnetic fringing in ?eld 70, 72 
and the read pro?le of servo read head 48 create a non-linear 
relationship in position error 78 relative to the strength of 
read signal 52. 

[0032] Referring noW to FIG. 3, graphs illustrating servo 
read head and servo Write track pro?les according to an 
embodiment of the present invention are shoWn. Servo read 
head track pro?le 90 and servo Write track pro?le 92 are 
plotted as relative signal strength as a function of distance in 
a direction normal to tape direction 36. Servo read head 
track pro?le 90 is modeled by a ?at region having a Width 
rp and a read sensitivity VIO, a left skirt region r1S tapering to 
Zero, and a right skirt region rIS tapering to Zero. The ?at 
region may correspond roughly to the Width of a transducing 
region in servo read head 48 such as the distance across one 
or more pieZoresistive or magnetoresistive read elements, 
the Width of an inductive gap, or the WindoW Width for an 
optical sensor. The skirt regions may then represent the 
sensitivity of servo read head 48 in the regions just beyond 
the sensing element. LikeWise, servo Write track pro?le 92 
has a ?at portion With a Width Wp and a signal strength of 
VWO, a left skirt region W1S tapering to Zero, and a right skirt 
region WIS tapering to Zero. The ?at region generally corre 
sponds to the intended Width of ?eld patterns 70, 72, such as 
magnetically coupling ?elds, optically re?ecting dents or 
pits, and the like. The skirt regions indicated by W1S and WIS 
then represent fringing aWay from the desired pattern. Both 
servo read head track pro?le 90 and servo Write track pro?le 
92 are illustrated as having straight line skirt regions. Hence, 
each track pro?le 90, 92 is substantially trapeZoidal in shape. 
HoWever, it Will be understood by one of ordinary skill in the 
art that the precise shapes for servo read head track pro?le 
90 and servo Write track pro?le 92 Will depend upon a 
variety of factors including media type, ?eld patterns, servo 
read head construction, and the like. 

[0033] Acrosstrack pro?le results from the output of servo 
read head 48 based on the position of servo read head 48 
relative to servo track 30. The crosstrack pro?le indicates the 
relative strength of read signal 52 as a function of the 
overlap distance of servo read head 48 With a particular ?eld 
70, 72. The relative amplitude of the crosstrack pro?le may 
be represented by the area of overlap betWeen servo read 
head track pro?le 90 and servo Write track pro?le 92. 
Mathematically, this can be expressed as the convolution of 
servo read head track pro?le 90 With servo Write track pro?le 
92 as in Equation 1: 

S(z) = Kf W06, Wp, WIS, WrS)R(z—X, rp, m, radar 
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[0034] Where W( ) is an expression for servo Write track 
pro?le 92, R( ) is an expression for servo read head track 
pro?le 90, and K is a constant. Since S(Z) has the form of a 
convolution integral, the Fourier Convolution Theorem may 
be used to obtain an alternate form as in Equation 2: 

00 

[0035] Where F(k;W) is the Fourier transform of servo 
Write track pro?le 92 and F(k;R) is the Fourier transform of 
servo read head track pro?le 90. 

[0036] For a trapeZoidal servo read head track pro?le 90 
With unit amplitude, the Fourier transform may be expressed 
as in Equation 3: 

[0037] Where 

and 

sin(x) 
sinc(x) E 

[0038] Thus, the integrand of Equation 2 may be trans 
formed into a ?nite sum of terms, each of Which is a ratio of 
a product of sine and cosine functions With arguments linear 
in k and divided by k4. The crosstrack pro?le is then 
expressed by Equations 4-6 as folloWs: 

[0039] Where indices p, v, m, and n have values 0 or 1, 
W‘0=W1S/2, W‘1=WIS/2, r‘O=r1S/2, and r‘1=rIS/2. 

[0040] Referring noW to FIG. 4, graphs illustrating phe 
nomenological and measured crosstrack pro?les according 
to an embodiment of the present invention are shoWn. Open 
circles represent measured values of a crosstrack pro?le. The 
data Was taken using an unstabiliZed dual-stripe magnetore 
sistive head reading a Wide Written track. Phenomenological 
crosstrack pro?le 100 Was obtained using Equations 4-6 
With ?t parameters Wp=77.2 pm, rp=21.3 pm, r1S=9.41 pm, 
and rrs=9.40 pm. The skirt Widths of servo Write track pro?le 
92 Were assumed to be Zero. Phenomenological crosstrack 
pro?le 100 closely folloWs the measured output of servo 
read head 48. 
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[0041] Referring as Well noW to FIG. 2, a formula for 
expressing position error 78 is shoWn by Equation 7: 

[0042] Where Wt may be the sum of WP, W1S and WIS. 

[0043] Referring noW to FIG. 5, graphs of position error 
as a function of read head position for various read skirt 
Widths according to an embodiment of the present invention 
are shoWn. FIG. 5 represents plots of Equation 7 Where 
servo Write track pro?le 92 has a Width of 36 pm and Zero 
skirt Widths, and servo read head track pro?le 90 has a total 
Width of 43 pm. Each graph 110, 112, 114, 116, 118 plots 
position error 78 as a function of servo read head centerline 
76 relative to servo pattern centerline 74. Curve 110 results 
from servo read head track pro?le 90 having Zero skirt 
Widths. Graphs 112, 114, 116, 118 result from servo read 
head track pro?le 90 having left and right skirt Widths of 4.5 
pm, 9.0 pm, 13.5 pm and 18.0 pm, respectively. As can be 
readily observed, increasing the skirt Widths for a ?xed 
Width servo read head track pro?le 90 has signi?cant impact 
on position error 78 for a given read head position. In 
practice, read signal 52 is interpreted to determine an 
indication of position error 78. By ignoring non-linearities in 
servo read head track pro?le 90, a signi?cant miscalculation 
of the position of servo read head 48 relative to servo track 
30 may result. 

[0044] Referring noW to FIG. 6, graphs of position error 
gain as a function of read position for various read skirt 
Widths according to an embodiment of the present invention 
are shoWn. Graphs 120, 122, 124, 126, 128 plot the slopes 
of graphs 110, 112, 114, 116, 118, respectively, of FIG. 5. 
The ?at portion of each graph 120, 122, 124, 126, 128 in 
FIG. 6 represents the effective linear portion of the overlap 
betWeen servo read head 48 and ?eld 70, 72. As areal density 
increases, the relative skirt Width for servo read head track 
pro?le 90 is likely to groW. Hence, Without the present 
invention, the effective dynamic range for read signal 52 
decreases. By using crosstrack pro?le 100 in determining 
read head position, the present invention achieves greater 
accuracy over a Wider range of position errors 78. 

[0045] Referring noW to FIG. 7, a How diagram for a 
method of positioning a module according to an embodi 
ment of the present invention is shoWn. As Will be appre 
ciated by one of ordinary skill in the art, the operations 
illustrated in the How diagram are not necessarily sequential 
operations. The order of steps may be modi?ed Within the 
spirit and scope of the present invention. Also, the method 
illustrated may be implemented by any combination of 
hardWare, softWare, ?rmWare, and the like. The present 
invention transcends any particular implementation and the 
embodiment is shoWn in sequential ?oW chart form for ease 
of illustration. 

[0046] A crosstrack pro?le is generated in block 130. 
Crosstrack pro?le 100 may be generated by a variety of 
means. First, crosstrack pro?le 100 may be determined from 
measurements taken While servo read head 48 accesses one 

or more ?elds 70, 72 or a recorded test pattern. Second, 
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crosstrack pro?le 100 may be derived from simulations of 
servo read head 48 and servo track 30. Third, crosstrack 
pro?le 100 can be estimated from the assumed shapes of 
servo read head track pro?le 90 and servo Write track pro?le 
92. 

[0047] Crosstrack parameters are calculated in block 132. 
Crosstrack pro?le 100 provides a mapping of read signal 52 
into position error 78. This mapping can be expressed using 
a ?xed number of parameters to capture the shape of 
crosstrack pro?le 100. Each servo read head 48 is measured 
and the resulting measurements analyZed to extract param 
eters representing crosstrack pro?le 100 for the particular 
servo read head 48. Measurements of servo read head 48 
may include obtaining read signals 52 from test ?elds 70, 72, 
taking physical measurements of servo read head 48, taking 
indirect measurements of servo read head 48, and the like. 

[0048] Crosstrack parameters are loaded in block 134. 
Parameters used to map read signal 52 to position error 78 
based on crosstrack pro?le 100 are Written into memory 54 
for use by head control 50. 

[0049] Blocks 136, 138, 140, 142 represent a control loop 
for positioning tape 24 relative to access head assembly 22. 
At least one servo track is read in block 136. Servo read head 
48 generates read signals 52 based on ?elds 70, 72 Written 
onto servo track 30. The position error is determined in 
block 138. Position error 78 is calculated in head control 50 
based on read signal 52 and coefficient for crosstrack pro?le 
100 stored in memory 54. This calculation results in an 
indication of the distance servo read head 48 is located from 
the center of servo track 30, such as the difference betWeen 
servo pattern centerline 74 and servo read head centerline 
76. A check is made to determine if the position error is 
greater than a threshold in block 140. If position error 78 is 
not greater than a threshold, access head assembly 22 is not 
moved relative to tape 24. If position error 78 is greater than 
a threshold, head position servo 26 is commanded to move 
access head assembly 22 in a direction that minimiZes 
position error 78. 

[0050] Referring noW to FIG. 8, a block diagram illus 
trating position and servo track pattern errors that may be 
compensated by an embodiment of the present invention is 
shoWn. A ?rst type of error results from inaccuracies in 
Writing servo tracking pattern 34. For example, erase ?elds 
72 may be Written as A-bursts 150 alternated along the 
length of servo track 30 With B-bursts 152. A-bursts 150 
may be Written off servo pattern centerline 74 a distance AZ. 
B-burst ?elds 152 may be Written off servo pattern centerline 
74 a distance BZ. An expression for position error 78 can 
then be Written as Equation 8: 

Pm) = %S(z -A. — — 

[0051] A second measure of servo error results in a 
misalignment of heads 42, 46, 48. For example, if data Write 
head 42 and data read head 46 are manufactured such that 
one or both are not centered on data track axis 44 When servo 
read head 48 is centered on servo track 30, a tracking error 
may occur even though servo read head 48 is properly 
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aligned on tape 24. A more general expression for position 
error 78 taking into account various types of errors is 
provided by Equation 9: 

105(1) = wS(z — Z0 — W) — m 

[0052] Where W is a constant based on the Width of one or 
both of ?elds 70, 72 and Z0 is a measure of servo error. 

[0053] While embodiments of the invention have been 
illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of the 
invention. For example, the best mode is described generally 
With regards to a magnetic tape deck. HoWever, the present 
invention applies to a variety of media types including 
magnetic disks, optical tape, optical disks, and the like. 
Further, While a trapeZoidal read track pro?le Was disclosed 
in detail, any other shape for the servo read head track pro?le 
and the servo Write track pro?le may be used. The Words of 
the speci?cation are Words of description rather than limi 
tation, and it is understood that various changes may be 
made Without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A method of positioning a module having at least one 

servo read head across media having at least one servo track, 
the method comprising: 

determining a track pro?le of the servo read head; 

determining a position error expression based on the track 
pro?le; 

generating a servo track signal by reading a servo track 
With the servo read head; 

determining a tracking error based on the servo track 
signal and the position error expression; and 

positioning the module to correct the tracking error. 
2. Amethod of positioning a module as in claim 1 Wherein 

the track pro?le is determined from measurements of the 
servo read head after the module is constructed. 

3. Amethod of positioning a module as in claim 1 Wherein 
the position error expression is determined by assuming the 
servo read head track pro?le is trapeZoidal. 

4. Amethod of positioning a module as in claim 1 Wherein 
the servo track comprises a checkerboard pattern With a 
background Written at a ?rst frequency and erase ?elds 
Written at a second frequency. 

5. Amethod of positioning a module as in claim 1 Wherein 
the position error expression, PE(Z), is expressed as 

Where S(Z) is a crosstrack pro?le based on the servo read 
head track pro?le, W is a constant based on the Width of the 
servo track pattern, and Z0 is a measure of servo error. 

6. Amethod of positioning a module as in claim 5 Wherein 
the measure of servo error comprises error in the servo track 

pattern. 
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7. Amethod of positioning a module as in claim 5 Wherein 
the measure of servo error comprises error in head align 
ment. 

8. Amethod of positioning a module as in claim 5 Wherein 
the crosstrack pro?le is found by convolving the servo read 
head track pro?le With a servo track Write pro?le. 

9. A method of determining the position of an access 
module relative to a servo track read by a servo read head on 

the module, the servo read head generating a read signal 
based on a portion of a track pattern covered by the servo 
read head, Wherein the module position is determined based 
on a model of a crosstrack pro?le formed by varying overlap 
of a track pro?le for the servo read head and a track pro?le 
for the track pattern. 

10. A method of determining the position of an access 
module relative to a servo track as in claim 9 Wherein the 
model of the crosstrack pro?le is a phenomenological 
model. 

11. A method of determining the position of an access 
module relative to a servo track as in claim 10 Wherein the 
phenomenological model of the crosstrack pro?le is the 
convolution of the servo read head track pro?le and the track 
pattern track pro?le. 

12. A method of determining the position of an access 
module relative to a servo track as in claim 9 Wherein the 
servo read head track pro?le is substantially trapeZoidal. 

13. A method of determining the position of an access 
module relative to a servo track as in claim 9 Wherein the 
position is based on a position error expression, PE(Z), 
expressed as 

Where S(Z) is the crosstrack pro?le, W is a constant based on 
the Width of the servo track pattern, and Z0 is a measure of 
servo error. 

14. A method of determining the position of an access 
module relative to a servo track as in claim 13 Wherein the 
measure of servo error comprises error in the servo track 

pattern. 
15. A method of determining the position of an access 

module relative to a servo track as in claim 13 Wherein the 
measure of servo error comprises error in head alignment. 

16. A method of determining the position of an access 
module relative to a servo track as in claim 9 Wherein the 
servo track pattern comprises a checkerboard pattern With a 
background Written at a ?rst frequency and erase ?elds 
Written at a second frequency. 

20. A system for positioning an access module relative to 
data storage media having at least one servo track compris 
ing: 

a servo read head ?xed to the access module, the servo 
read head generating a read signal in response to 
patterns in a read servo track; 

a module positioning servo for positioning the module 
relative to the media based on a module control signal; 

memory for holding coef?cients of a crosstrack pro?le 
based on a track pro?le for the servo read head; and 
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control logic in communication With the servo read head, 
the module positioning servo and the memory, the 
control logic operative to 

(a) receive the read signal, 

(b) calculate a position error based on the received read 
signal and the coef?cients, and 

(c) generate the module control signal to reduce the 
position error. 

21. A system for positioning an access module as in claim 
20 Wherein the read head track pro?le is substantially 
trapeZoidal. 

22. A system for positioning an access module as in claim 
20 Wherein the coefficients are determined from read signal 
measurements taken after the module is manufactured. 

23. A system for positioning an access module as in claim 
20 Wherein the servo track comprises a checkerboard pattern 
With a background Written at a ?rst frequency and erase 
?elds Written at a second frequency. 

24. A system for positioning an access module as in claim 
20 Wherein the position is based on a position error expres 
sion, PE(Z), expressed as 
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Where S(Z) is the crosstrack pro?le, W is a constant based on 
the Width of the servo track pattern, and Z0 is a measure of 
servo error. 

25. A system for positioning an access module as in claim 
24 Wherein the measure of servo error comprises error in the 

servo track pattern. 

26. A system for positioning an access module as in claim 
24 Wherein the measure of servo error comprises error in 

head alignment. 
27. A system for positioning an access module as in claim 

20 Wherein the crosstrack pro?le is found by convolving the 
read head track pro?le With a track pro?le for a servo Write 
pattern. 

28. A system for positioning an access module as in claim 
20 Wherein the crosstrack pro?le is based on a phenomeno 
logical model of the servo read head. 


